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PRESSURE  DISTRIBUTION  AND  PRESSURE 
DRAG  FOR  A  HEMISPHERICAL  NOSE  AT  MACH 
NUMBERS  2,05,  2.5^,  AND  3.0U 
By  Leo  T.  Chauvin 

SUMMARY 


An  experimental  investigation  of  the  pressure  distributions  on  a 
hemispherical  nose  3-98  inches  in  diameter,  moiinted  on  a  cylindrical 
support,  has  been  made  at  Mach  numbers  of  2.O5,  2.54,  and  3.04  and  for 

Reynolds  numbers  of  k.kk   x  10°,  k.'^'J   x  10°,  and  i4-.l6  x  10°,  respectively. 
The  Reynolds  number  vas  based  on  body  diameter  and  free-stream  conditions. 
Pressure-drag  coefficients  were  calculated  and  good  agreement  was  obtained 
between  these  tests  and  other  investigations. 


INTRODUCTION 


From  the  standpoint  of  minimum  drag,  high  fineness  ratios  and  nearly 
pointed  noses  are  desirable  in  the  design  of  supersonic  missiles  and  air- 
planes.  However,  it  is  necessary  for  some  supersonic  vehicles  to  have  a 
hemispherical  nose  to  house  guidance  equipment.   Since  use  of  this  nose 
shape  may  result  in  severe  drag  penalties,  with  corresponding  reduction 
in  speed  and  range,  the  National  Advisory  Committee  for  Aeronautics  has 
made  tests  in  the  pref light  jet  and  in  free  flight  to  determine  the  pres- 
sure drag,  pressure  distribution,  and  aerodynamic  heating  of  hemispher- 
ical nose  bodies.   The  tests  were  made  at  the  Langley  Pilotless  Aircraft 
Research  Station  at  Wallops  Island,  Va.   Flight  tests  to  determine  the 
drag  of  several  round-nosed  bodies  at  supersonic  speeds  have  been  reported 
in  reference  1,   The  present  paper  presents  the  data  obtained  from  pres- 
sure measurements  at  Mach  numbers  of  2,05,  2,5^,  and  3-04  and  for  Reynolds 

n\imbers  of  k.kh   X  10^,  i|,57  x  10^,  and  k.l6   x  10^,  respectively.   The 
Reynolds  number  was  based  on  body  diameter  and  free-stream  condition. 
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SmBOLS 


M  Mach  number 


Cp        pressure  coefficient, 


p  static  press\ire  on  body,  Ib/sq  in.  abs 

p^  free-stream  static  pressure,  Ib/sq  in.  abs 

Vq  free-stream  velocity,  ft/sec 

Cp,  pressure-drag  coefficient 

Hq  stagnation  pressure,  Ib/sq  in.  abs 

p  free -stream  density,  slugs/cu  ft 

R  Reynolds  number,  based  on  body  diameter 

X  coordinate  in  free-stream  direction 

r  radius  of  hemispherical  nose 


TEST  EQUIPMENT 


The  tests  were  made  in  the  8-inch  auxiliary  jet  of  the  preflight 
jet  of  the  Langley  Pilotless  Aircraft  Research  Station  at  Wallops 
Island,  Va.   Air  for  the  operation  of  the  pref light  jet  was  stored  in 
two  spheres  at  220  poimds  per  squajre  inch  absolute.  A  hydraulically 
controlled  valve  regulated  the  air  from  the  sphere.   The  air  then  passed 
through  a  heat  exchanger  where  it  was  heated  sufficiently  to  compensate 
for  the  adiabatic  temperature  drop  through  the  supersonic  nozzle.   The 
air  next  passed  through  a  three-dimensional  nozzle  and  exhausted  to  the 
atmosphere.   Different  test  Mach  niombers  were  provided  by  interchange- 
able nozzles.   A  shadowgraph  system  was  provided  for  flow  observations. 
Further  information  concerning  the  preflight  jet  can  be  found  in 
reference  2. 
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The  model  was  a  hemispherical  nose  3.98  inc±ies  in  diameter^  mounted 
on  a  cylindrical  support,  alined  with  the  center  line  of  the  jet.  Four- 
teen pressure  orifices  were  located  on  the  nose  and  spiraled  reairward  of 
the  stagnation  point  to  0.6  inch  on  the  cylindrical  portion  of  the  "body. 
The  ratio  of  model  diameter  to  jet  diameter  was  0.^98  for  the  M  =  2.05 
and  M  =  2.54  tests  and  0.532  for  the  M  =  3.0lj-  test.  Figure  1  shows 
the  general  arrangement  of  the  nose  mounted  in  the  8-inch  auxiliary  jet. 

The  test  nose  was  made  from  spun  K-Monel  O.O5  inch  thick,  with  a 
smooth  and  highly  polished  surface. 

Measurements  of  the  free-stream  total  pressure,  free-stream  stagna- 
tion temperature,  and  pressures  on  the  body  were  obtained  by  a  six-cell 
recording  manometer,  thennocouples,  and  electrical  pressure  pickups, 
respectively.   These  data  were  recorded  by  using  tvo  recording  galva- 
nometers and  one  optical  recorder.   The  three  recorders  were  synchronized 
with  a  timer  of  10  cycles  per  second.   The  instruments  used  were  accurate 
to  1  percent  of  their  full  scale. 

The  orifices  on  the  model  were  O.OU-inch  inside  diameter,  and  the 
data  presented  were  taken  when  the  pressiires  on  the  body  had  reached  a 
steady  condition. 


TEST  CONDITIONS 


The  Reynolds  numbers  for  the  Mach  numbers  2.05,  2.5^,  and  3-0^  were 
(■  c  f, 

h.kk-  X  10°,  i+.57  X  10  ,  and  k.l6  X  10  ,  respectively.  The  relatively 

constant  Reynolds  number  of  the  tests  was  due  to  the  variation  of  static 
pressure  and  temperature.   The  test  at  M  =  2.05  was  for  a  sea-level 
condition.  The  conditions  for  the  tests  at  M  =  2.5^  and  M  =  3-0^ 
represented  a  static  pressure  corresponding  to  altitudes  of  12,000  and 
28,000  feet,  respectively. 


RESunrs 


The  test  results  for  Mach  n-umbers  2.05,  2.5^,  and  3.04  are  shown  in 
figure  2  plotted  as  pressure  coefficient  as  a  function  of  the  nondimen- 
sional  parameter  x/r,  where  x  is  the  distance  in  the  stream  direction 
from  the  stagnation  point  on  the  nose  to  the  measurement  station  and  r 
is  the  radius  of  the  hemisphere.  Figure  2(a)  shows  the  results  for  two 
tests  made  at  M  =  2.05  and-  at  approximately  the  same  free-stream  total 
pressure.   This  figure  shows  that  the  pressure  measurements  can  be 
repeated  with  good  accuracy  and  that  no  duplication  of  the  tests  is  needed. 
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Figure  3  shows  a  shadowgram  taken  for  each  test.   Shocks  eminating 
from  the  edge  of  the  nozzle  intersect  the  "bow  wave  and  influence  the 
flow  somewhere  on  the  body.   If  the  intersection  was  between  the  stagna- 
tion point  of  the  body  and  the  sonic  point  of  the  body^  the  pressure 
over  the  entire  nose  would  be  affected.  For  each  Mach  number  tested  the 
sonic  point  was  estimated,  and,  in  each  case,  the  nozzle  shock  was  found 
to  lie  well  outside  the  subsonic  region.  For  the  M  =  2.05  and- 
M  =  2.5^  tests,  the  dist\irbance  from  the  intersection  does  not  affect 
the  flow  over  the  hemisphere.  For  the  M  =  3.0^  case,  however,  the 
disturbance  from  intersection  was  stronger  and  caused  a  standing  shock 
to  occur  on  the  hemisphere  at  a  value  of  x/r  of  approximately  O.7I 
(see  fig.  3(c)).  Rearward  of  this  point  the  measured  pressures  were 
affected  by  this  disturbance  and  no  data  were  presented  for  a  value  of 
x/r  greater  than  0.66.  For  the  purpose  of  calculating  the  pressure 

drag  for  M  =  3.0^,  the  data  were  extrapolated  to  —  =  1.0,  as  shown  in 

r 

figure  3(c). 

Figure  h   shows  the  faired  curves  through  the  points  of  pressure 
coefficients  plotted  as  a  function  of  x/r  for  M  =  2.05  of  this 
series  of  tests.  Also  shown  are  the  results  from  references  3  and  k- 
taken  at  M  =  1.90  and  M  =  1.62  and  at  Reynolds  numbers  of  approxi- 
mately O.kh   X  10  and  O.8II  X  10  ,  respectively.  The  data  from  refer- 
ence 3  were  obtained  with  a  hemispherical  nose  attached  to  a  cylindrical 
body,  and  the  data  from  reference  k   were  calculated  from  interferometer 
observations  on  a  sting-supported  sphere. 

The  pre ssixre -drag  coefficient,  plotted  as  a  function  of  Mach  number 
(fig.  5)^  was  calculated  by  integrating  the  pressures  from  the  present 
tests  and  from  references  3  and  k,     Press\ire-drag  coefficients  obtained 
from  reference  5  are  shown  in  figure  5  for  Mach  numbers  of  1.5^  1.98^ 
and  3.02.   The  data  from  the  references  3  to  5  correlate  well  with  the 
faired  curve  through  the  points  calculated  from  these  tests. 


CONCLUDING  REMARKS 


Pressure  distributions  were  measured  on  a  hemispherical  nose 
3.98  inches  in  diameter  at  Mach  numbers  of  2.05,  2,5^,  and  3-Ok   and  for 

Reynolds  numbers  of  k.hk-   x  10°,  k.^7   x  10°,  and  k.l6   x  10^,  respectively. 
The  Reynolds  number  for  these  tests  was  based  on  body  diameter  and  free- 
stream  conditions.   The  pressure-drag  coefficients  obtained  from  previous 
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investigations  are  in  agreement  with  a  faired  curve  through  the  points 
of  pressure-irag  coefficient  calculated  from  these  tests. 


Langley  Aeronautical  Laboratory^ 

National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va. 
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